Alloimmunization with the cultured human stomach cancer cell lines MKN·45 and MKN·28 was conducted and human·human hybridomas were established. Living MKN·45 cells (10 7 cells per injection) were injected monthly 34 times into one of the authors (K.K.) over 2 years and living MKN· 28 cells (10 7 cells per injection) were co·injected 14 times after the 20th injection of MKN·45 alone. Cultured stomach cancer cells injected subcutaneously into K.K.'s forearm were rejected completely, although they grew transiently at the injection site. All the injections were made voluntarily at the direction of K.K. himself. Two human·human hybridomas producing monoclonal antibodies reactive with MKN·45 and MKN·28 cells, respectively, were separated from a hybridoma of human B· IYmphoblastoid cell line named HO 323/WIL2·NS and lymphocytes in K.K.'s peripheral blood. One cell line of the hybridoma FMK·H3 produced IgM·type monoclonal antibody, and the other line, EMK.F7, produced IgG·type antibody. These two human·human monoclonal antibodies were highly reactive with MKN·45 and MKN·28 cells, weakly reactive with MKN·74 stomach cancer cell line, and not reactive with the other stomach cancer cell lines tested (MKN·l, MKN·7, TMK·l, NUGU· 2, NUGC.3, NUGC·4 and KATO.III).
Human monoclonal antibodies reactive with cancer cell lines have been isolated from human-human hybridomas of human B lymphoma cell lines and lymphocytes of cancer patients,I-4) and therapeutic application of human monoclonal antibodies (MoAbs) has been attempted in cancer patients.~) No study, however, has been reported on MoAbs obtained from hybridomas of human Blymphoma cell lines and human B-Iymphocytes produced by injecting living human cancer cells as an antigen.
Tumor cells transplanted into humans are generally rejected, since the tumor transplant and the recipient are immunologically allogenic to each other. Induction of antibodies to various tumor·associated antigens in reo sponse to the injected tumor cells can be expected. We attempted to separate a human-human MoAb for a tumor-associated antigen of human stomach cancer cells by injecting living tumor cells into an allogenic host. The cultured MKN-45 cell line used for the injection was established from a poorly differentiated adenocarcinoma of the human stomach. 6 ) The culture medium was serumfree RDF-ITES4) (a 2:1:1 mixture of RPMI 1640, Ham's F12 and Dulbecco's modified Eagle's media containing 10 IJ.g of human-type insulin per ml, 10 IJ.g of human-type transferrin per ml, 10 IJ,mol of ethanolamine and 2.5 nmol of sodium selenite) supplemented with 100 IJ,g each of streptomycin, kanamycin and penicillin per ml. The cells were subcultured 10 times in this medium and were free of mycoplasmas. The cells cultured in the medium were then harvested with a cell scraper. After being washed and suspended in phosphate-buffered saline (PBS), they were injected subcutaneously into the forearm or upper· arm of one of the authors (K.K.). All injections of the living cancer cell lines were performed voluntarily at the insistence of K.K. himself. Numerous animal ex· periments suggested that no substantial risk to the volunteer could be expected to be involved in this study. In addition, this experiment was not expected to expose other people in the community to any risk. The details of the injection schedule are as follows: first, 10 6 cells were suspended in PBS and injected subcutaneously weekly 5 times. Then 10' cells were injected subcutaneously monthly 34 times in order to stimulate the immune response. In addition, to obtain antibody with a high titer for stomach cancer, another human stomach cancer cell line, MKN-28 (differentiated adenocarcinoma)6) was selected. MKN-28 was cultured in the RDF medium and MKN-28 ceIls was determined by an in vitro assay using the inactivated serum of K. K. sampled after the injection of MKN-45 and MKN-28 cells. The assay procedure was as foIlows: the serum samples were added to RPMl medium containing 5% fetal calf serum and 2 units of complement for the hemolytic system (guinea pig serum). MKN-45 ceIls (l X 10 4 ) were added to 5 ml of medium in the plates. The plates were then incubated at 37°C in a CO 2 incubator for 3 days, and the number of living cells which survived was determined by means of trypan blue staining. No toxicity was observed even when 50% serum samples were assayed.
Isolation of hybridomas which produce monoclonal antibodies for MKN-45 and MKN-28, from K.K.'s B-lymphocytes and human lymphoblasts was then attempted. The cell line used as a fusion partner was a 6-thioguanine-resistant human B-lymphoblastoid ceIl line, HO 323/WIL2-NS.' ) The lymphocyte preparations were obtained by FicoIl-Paque gradient centrifugation of K .K.'s peripheral blood, which was sampled 4 days after each injection of 10 7 MKN-45 6 ) and 10 7 MKN-28 6 ) ceIls. Cell fusion was performed by using polyethylene glycol (MW 4,000). Selection of the hybridomas was conducted in HAT medium (ERDF/15% FCS medium supplemented with 1oo /iM hypoxanthine, O.4/iM aminopterin and 16/iMthymidine)4) and antibodies were screened by 968 using MKN-45 and MKN-28 as target cells by enzymelinked irnmunosorbent assay (ELISA). The hybridomas were cloned by the limiting dil ution method. immunoglobulins were detected by Houghton's ELISA method. 8 ) The MoAbs were examined for reactivity with stomach cancer cell lines MKN-I,6) MKN-7,6) MKN-28, MKN-45, MKN-74,6 ) TMK-l,9) NUGU-2,1O) NIGC-3,1O) NUGC-4 IO ) and KATO-III.II ) By means of these procedures, 1,478 hybridomas were produced by 6 separate ceIl fusion experiments (30 months after), and two human-human hybridomas cell lines were obtained, each of which produced a human type antibody: FMK-H3 (IgM type) and EMK-F7 (lgG type).
The MoAb FMK-H3 (IgM) showed strong reactivity with cultured MKN-45, MKN-45/K (cultured in medium containing no serum), and MKN-28, while it showed weak reactivity with TMK-l and the other cultured stomach cancer ceIl lines (MKN-l , MKN-7, MKN-74, NUGU-2, NUGC-3, NUGC-4, and KATO-III). The MoAb EMK-F7 (IgG) was also strongly reactive with MKN-45, MKN-45/K MKN-28, and was not reactive with the other stomach cancer ceIl lines tested (Table I and Fig. 2) .
These results indicate the appearance of B-lymphocytes which produce antibodies against MKN-45 and MKN-28 ceIls in K.K.'s blood. Hybridoma/FMK-H3 Table 1 The reaction was initiated by the addition of 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt as a substrate. After the mixture was held at 37°C for 15 min , the reaction was terminated by the addition of oxalic acid. Absorbance at 405 nm was then determined with a microplate electrometer. MKN-45 (a, b, c) and MKN-28 (d, e, f) cultured cells. The cultured cells were fixed with 0.06% glutaraldehyde and ELISA was performed. MoAb/EMK-F7 (1.3 mg/ml) was purified before the test. The photographs were taken after 15-min incubation at 37°C initiated by the addition of the substrate solution. a) MKN-45 cells after the reaction ( X 100), b) ( X 2oo), and c) without the reaction ( X 100); d) MKN-28 cells after the reaction ( X 100), e) ( X2oo), and f) without the reaction ( X 100) . The stained regions in a), b), d) and e) correspond to the reacted antigens.
and FMK-F7 so far made could be cu ltured in a serumfree medium (RDF-ITES) supplemented with egg yolk lipoprotein. · Hybridomas were grown in the serum-free medium by the use of a stirred culture vessel equipped with a perfusion system which allowed the cells to grow to 107/ml. MoAb productivity by the hybridomas continued throughout the stationary phase and was 80-120 ,ug/rnl, representing a moderate production. The MoAb produced was easily purified from the serum-free spent medium.
The MoAbs FMK-H3 and EMK-F7, which were obtained by alloimmunization with MKN-45 and MKN-28, had strong and specific reactivity with these cell lines. No toxicity for MKN-45 or MKN-28 cells was observed in the serum after immunization with the two cell lines, nor was antibody for the cell lines detected by ELISA. This result may suggest that the antibody titer in the serum is low. It is important to know whether the specific reactions of MoAb FMK-H3 and EMK-F7 for MKN-45 and MKN-28 cell lines are targeting allogenic antigens or tumor-associated antigens. Further studies on the antigen reactivity for tissues and purification of the antibodies will be required. The identification of the antigens reactive with these MoAbs suggests the importance of tumor-
